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Abstract
The rocess of developing the National Nuclear Security Administration (NNSA) Knowledge Base (x6) must result in high-quality Information Products in order to support activities for monitoring nuclear explosions consistent with United
States treaty and testing moratoria monitoring missions. The validation, verification, and management of the Information Products is critical to successful scientific integration, and hence, will enable high-quality deliveries to be made to the United States National Data Center (USNDC) at the Air Force Technical Applications Center (AFTAC). As an Information Product passes through the steps necessary to become part of a delivery to AFTAC, domain experts (including technical KB Working Groups that comprise NNSA and DOE laboratory staff and the customer) will provide coordination and validation, where validation is the determination of relevance and scientific quality. Verification is the check for completeness and correctness, and will be performed by both the Knowledge Base Integrator and the Scientific Integrator with support from the Contributor providing two levels of testing to assure content integrity and performance. The Information Products and their contained data sets will be systematically tracked through the integration portion of their life cycle. The integration process, based on lessons learned during its initial implementations, is presented in this report. 
Introduction
The National Nuclear Security Administration (NNSA) Ground-Based Nuclear Explosion Monitoring Research & Engineering (GNEM R&@ program provides research and development in support of United States monitoring missions. Specifically, the GNEM R&E program provides products that will be utilized by the Air Force Technical Applications Center (AFTAC) in operation of the United States National Data Center (USNDC), consistent with the responsibilities set forth in the Memorandum of Understanding enacted in May 2001 [see Appendix]. To serve this role, the GNEM R&E program tracks and integrates products as they move from the research level to operations and ensures that these products are reliable and technically correct. In doing this the GNEM R&E program draws research results from NNSA sponsored research as well as research sponsored by others.
To summarize, NNSA's responsibilities include:
Development of operationally useful products (scientific data and the tools to manipulate them) that support the United States' nuclear explosion monitoring mission at AFTAC, Integration of technical products developed by NNSA and others into a comprehensive and cohesive package (Knowledge Base) that can be readily utilized by AFTAC, Technical assessment, validation, and verification of all products prior to delivery to AFTAC, and Delivery and integration support of the operational Knowledge Base to AFTAC.
The practical implementation of the development, integration, assessment and delivery 0, operational products occurs through the process of creating periodic Knowledge Base (KB)
releases. Specifically, the Knowledge Base is composed of a set of Information Products QP), which generally include pertinent data sets or other parts of research products, including analytical tools. In addition, each Information Product also includes critical supporting information (metaduta) about the data sets and tools.
During the initial implementation of the Knowledge Base Integration Process, a rigorous evaluation was conducted. Through this evaluation, improvements have been proposed. Specifically, improvements identified and added include:
The use of Knowledge Base Working Groups to better address validation of data sets ana More explicit descriptions of how the integration process works for software products A broader definition of research products and how they go from the Contributor to the
Information Products and and algorithms, and
Product Integrator in their Scientific Integration role.
This document provides an update to the integration process based on lessons learned during its initial implementations. In general, this document describes the improved implementation of the Knowledge Base development, evaluation, and integration process.
Scopes and Audience
This document summarizes the W S A Knowledge Base integration process for the results of research, regardless of sponsor. It is intended that any interested party will find this document helpful in providing transparency to the integration process and an aid to effective participation in the process.
For those responsible for the hands-on Knowledge Base integration, this document serves as a description of the process and procedures of Knowledge Base integration at the W S A and DOE laboratories (LANL, LLNL, SNL, and PNNL). In particular, those individuals playing the role of Knowledge Base Integrator and for those who interact directly with the Knowledge Base Integrator should find this document useful in describing generally, the integration process from beginning to end.
The Contributor's role is more directly addressed in the companion document, the National Nuclear Security Administration Knowledge Base Contributor's Guide [Carr, 20021. From a managerial perspective, this document seeks to provide an overview of the Knowledge Base integration process to assist in effective tracking and management of research and development activities. Participants include Contributors at LANL, LLNL, PNNL, and SNL, universities and private organizations, Scientific Integrators, Knowledge Base Integrators, decision-making entities such as the Knowledge Base Integration Board, and the Operational Users (see Section 4.0). Contractual research obligations and their relationship to data products are not addressed here. However, for the verification and validation of the integrated products, as well as the operational use of the Knowledge Base, a mapping from a contract to a data product can be found in the metadata provided with each data set; hence, a mapping from a contract to an Information Product can also be defied. This lineage or ability to trace information to its source is an important attribute of both the integration process and the Knowledge Base as an end product.
Knowledge Base Composition
The organizational structure of the Knowledge Base is shown as a simplified schematic in Figure 1 . The fundamental building blocks of the Knowledge Base are referred to as data sets.
A data set is a collection of data and associated tools, usually all of the same kind (e.g., event data, contextual data, parametric grid data, supporting information, or research tools). Typically, one or more data sets (and associated software) are grouped together as a research product. Metadata accompany each research product and describe the content, source, quality and condition of the included data sets. At the next level up, a combined grouping of research products makes up an Information Product, which is organized around a defined logical theme. As shown in Figure 1 , not all data sets included in a given research product necessarily end up in an information Product. An Information Product comprises:
One or more conceptually related data sets or research products, Metadata corresponding to each research product included, and * An Information Product document, which provides a detailed description of the Usually, an Information Product is not initially associated with the KB or any KB successors. The term data sets in this document includes software in addition to or instead of basic data. This software is usually designed to provide a method of displaying or applying the information within a data set. Such software permits users to examine, validate, and apply the data to solving problems. One example is the geographic information system applications that allow users to view contextual data, event origins, error ellipses, and other geospatial information in a georeferenced (i.e. map) format. Another example would be the MatSeis based discrimtool that allows users to evaluate the relative utility of different discriminant ratios for a data set within a given region. This category of software is typically developed by a Contributor and is provided with the data set($. The software included as part of a data set is evaluated similarly to the other components of a data set and follows the process laid out in this document.
Two other categories of software related to the KB also exist: content creation software and operational interface software. These types of software are vital to the function of the KB, but the evaluation processes for these categories of software are generally part of their development and are outside the scope of this document. However, their verification and validation paths are briefly described below.
Content creation software is used by Contributors to manage and process initial or raw data into data sets for inclusion in an Information Product. An example would be the Kriging software used to create travel time correction surfaces from the measured event data. Content creation software receives its verification and validation in an iterative process that includes AFTAC's Seismic Review Panel, NNSA and DOE technical reviewers, the Content Developers, and the software developers.
Operational interface software provides the linkages between the KB components and the software components of the USNDC system. An example would be the libCGI software that allows the locator software in the USNDC system to get travel time corrections from the
KB.
Operational interface software is generally developed by the KB Integrator and is closely coordinated with the USNDC development contractor. The verification and validation procedures used in the development of the USNDC system provide the required evaluation for this software.
As will be described in the following section, Data sets, research products, and Information Products evolve into a KB through the coordination and integration efforts of the Scientific Integrators and the KB Integrator.
Integration Process Participants
The participants in the Knowledge Base integration process are shown in Figure Before the integration begins, the theme or concept of a given Information Product is defmed, based on requirements, to ensure that the appropriate research products go to the correct Product Integrator. It is the Operational User who is responsible for providing the general requirements definition, and it is the KB Working Groups who conduct requirements analysis and product recommendation. In addition, the KB Working Groups provide coordination during Information Product development, implementation of specific approaches to address the requirements, technical validation of Information Products, and technical issue resolution.
A general overview of the responsibilities of the integration process participants is provided here. Details are provided in the section that follows (Participant Roles and Responsibilities). The Product Integrator delivers the research products received from Contributors to an Information Product Coordinator, who is responsible for ensuring that the Information Product is integrated into a complete and cohesive package.
In addition, 
Content Developer
One who creates or collects raw or unprocessed data and processes it for research and development purposes. 
KB Integration Board (IB)
The IB will review a collection of Information Products being proposed for inclusion in a KB release based on summary reports provided by the KB Coordinators and the KB Integrator.
The IB is permanently composed of a program leader from each contributing laboratory, the MVSA sponsor, and a technical representative from the Operational User's site (can be a rotating position ' Lineage of integrated products to their original source is impoltant, and that information is carried in the metadata.
The integration and evaluation process is discussed in greater detail in Section 5.0. The most significant change to the integration process since the initial implementation has been the addition of technical KB Working Groups. The next section will use the roles defined here as actors in the process flow.
Knowledge Base Evaluation and Integration Process
This document delineates a clearly defined integration process and procedures to manage Information Products as they migrate from the applied development world toward a NNSA Knowledge Base for use by the Air Force Technical Applications Center (AFTAC) in their United States National Data Center (USNDC) operations. The integration process is for both NNSA and non-NNSA fimded contributions. The process will guide the integration of diverse research contributions through a well-defined set of procedures. The MlrSA is sponsoring the development of the Knowledge Base (KB), which will be delivered to the USNDC for use in monitoring nuclear explosions consistent with United States nuclear explosion monitoring missions.
To successfully monitor explosive nuclear testing, access to large quantities of detailed contextual information is needed. The smaller, regional distance events expected in the emerging monitoring environment require a significant increase in the amount, type, and detail of information provided to both automated systems and human analysts. The NNSA's KB aims to provide this mass of information in a form that is ordered, consistent, easily accessed, well documented, reproducible, accurate and relevant. VeriJication will ensure that it is complete, in the correct form, and properly documented. Validation will provide assurance that the Information Products are appropriate for the USNDC mission. Validation will also ensure as much accuracy as current scientific information allows. The management and documentation of the validation and verification of the integrated components of KB releases will provide the level of quality required by the USNDC mission.
Integration of any kind requires planning. However, even when integration is planned, there can be unforeseen difficulties. The interdependencies among contributions to the KB offer a challenge. Facilitating the smooth integration of the research work of many organizations into a NNSA K B , while maintaining technical substance in the contributions, is the primary driver for this document. Integration of specific Information Products into a KB release does not guarantee acceptance by the USNDC, which exercises its own review process after receipt of a NNSA delivevy. However, significant coordination with the USNDC is an integral part of the NNSA integration process. KB integration is the product of the coordination of many organizations.
The evaluation and integration process, shown in Figure 3 , illustrates a simplified flow of potential KB data and software tools as they migrate step-by-step into a KB delivevy for release to the Operational Users. User evaluation is ongoing in some form at all steps of the integration process. This evaluation process is generally described below.
Figure 3 -Knowledge Buse evaluation and integration process
In Figure 3 , the center series of elements, beginning with "DATA" and "SOFTWARE TOOLS," depicts how data and algorithms are integrated into datu sets, then into Information Products, and finally, into a complete Knowledge Base Release. The boxes to the left of this integration series are the specific players who conduct each of the steps. The circular elements to the right of the integration series represent the technical evaluation and subsequent validation that occurs at each step in the process. The boxes to the far right are the specific players that conduct these evaluations. A key characteristic of this process is that the end user (AFTACIUSNDC) is involved throughout the integration and evaluation process, from the validation of techniques for content development through the evaluation of the integrated Knowledge Base release. This is important because the end user is critical in the early-on determination of relevancy and usefulness of any given research product or Information Product, as well as evaluation of technical accuracy. Another key characteristic of this process is that products (i.e., research products, Information Products, Knowledge Base) are verified and validated at each step in the process.
The addition of technical KB Working Groups has provided not only coordination early on and throughout the process, but has provided an additional component of technical assessment throughout the process. The KB Working Groups comprise MVSA and DOE technical personnel and representatives from AFTAC. For a given Knowledge Base Release, these KB Working Groups will serve the primary fhctions of verification, validation, and coordination associated with a specific Information Product, which may become part of a Knowledge Base release. Generally, the KB Working Groups would interact with researchers to provide technical guidance and feedback for the research products that form the basis for Information Products.
The validation and coordination support, which is provided by the KB Working Groups, positions each resulting Information Product for review by the KB Integration Board. The KB Working Groups work with the KB Coordinators and IP Coordinators to verify that the Information Products are technically accurate, cohesive and complete.
Following review of the individual Information Products by the KB Working Groups, the aggregate set of Information Products is integrated into a proposed Knowledge Base Release and submitted to KB Integration Board for review and approval. Once approved, the Knowledge Base is delivered to the end user (AFTAC) for evaluation, comment, acceptance in whole or part, and finally, implementation.
Information Product Tracking
Once research products (data sets, software products) are integrated so that they reach the point at which they are referred to as Information Products, they are systematically tracked by the Knowledge Base Integrator. An example tracking report showing a collection of Information Products, displayed in a table-based format, is shown in Table 1 below. As an Information Product proceeds through each of the tracking steps (moving left to right in Table l) , it is recorded and it is then deemed ready for the next step. The tracking proceeds through the integration, verification, and validation (i.e., KB Integration Board approval for release) of a Knowledge Base release. The Information Products are composed of one or more research products (collections of data sets) and are integrated into a preliminary KB release, for KB Integration Board approval.
Classification Guide Interpretation
The unclassified products and classified products are tracked independently before being integrated into a NNSA K B . The tracking of unclassified and classified products is done on a restricted network and a secure classified local area network, respectively. Information Products are integrated into a KB on the secure classified local area network. All or part of a KB may become operational after final selection by the NNSA KB Integration Board and subsequent selection by the USNDC.
Summary
This report outlines a process to facilitate the formation of reliable and useable KE? releases. Both validation and verification are performed in the context of this process to ensure that the data delivered are useful for the USNDC and are of high quality. A protocol is established to assure that all parts of the process are completed. This process forms a shell within which verification and validation are performed.
The process of integrating Information Products into a KB may be complicated more by the number of entities and organizations involved than by the actual tasks being performed. Either way, the intent of this document is to define a common process and a common interface for the participants in KB development. It is also intended to allow flexibility to suit changing needs.
This process will continue to be refined through practical application and insightful suggestions in order to meet certain objectives and to more efficiently perform our work. These objectives include providing ordered, consistent, easily accessed, well documented, and relevant KB development through verification, validation and management of data sets, research products and Information Products. Roles which are part of the formalized integration process are described in Section 4.0. Others are found here in the Glossary.
Glossary

SNL
Sandia National Laboratories, a NNSA laboratory.
summary
The summary is generated by the KB Coordinator and contains product identification, lists containing research products, data sets, goals and purpose. The summary becomes part of the release document.
United States National Data Center (USNDC)
The national policy community for nuclear explosion monitoring and in support of the purpose of this MOU.
The USGS is responsible for the applied earth science elements of the National Earthquake Hazards Reduction Program and for the Global Seismograph Network Program. This requires monitoring national and worldwide seismicity and reporting to national and international emergency response agencies and to other interests including the media and the general public. To the extent possible within its primary responsibilities, the USGS is prepared to employ its national and worldwide seismic monitoring activities to cooperate with other national interests involved in nuclear explosion monitoring, and to apply its other capabilities in related efforts in support of the purpose of this MOU.
The NNSA, through its nuclear weapons laboratories and other Department of Energy laboratories, has broad capabilities and in-depth technical expertise in nuclear phenomenology, nuclear monitoring technologies, and systems engineering and integration. The NNSA's Nuclear Explosion Monitoring Research and Engineering program has a proven record of delivery of integrated state-of-the-art engineered systems to Air Force users for nuclear explosion monitoring. These capabilities are offered to support the purpose of this MOU. 
